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TECHICAL MEMORANDUM 
CONCEPTUAL GEOTECHNICAL ASSESSMENT 

FOR SEDIMENT REMOVAL 
ASHLAND/NORTHERN STATES POWER LAKEFRONT SITE 

ASHLAND, WISCONSIN 

The Ashland/Northem States Power Lakefront site is located on the shore of Chequamegon Bay, 
Lake Superior, in northern Wisconsin. The site includes approximately ten acres of 
contaminated lake-bottom sediment located immediately offshore. Weston Solutions, Inc. 
(WESTON®) was tasked with completing a preliminary' geotechnical assessment of potential 
design and construction issues associated with removal of these near-shore sediments using dry 
excavation techniques. This technical memorandum describes the analyses completed as part of 
this assessment, assumptions included in the assessment, limitations of the analyses, and 
recommendations for additional evaluations. 

Summary of Project Understanding 

Contaminated sediments, which have been covered by a layer of wood chips and wood debris, 
have accumulated on the bay bed. The most heavily contaminated materials'have been found to 
be located within 200 feet of the shoreline with less heavily contaminated materials located at a 
distance of up to approximately 800 feet from the shoreline. According to the Proposed Plan for 
the site, the preferred Remedial Option for sediment cleanup in the Chequamegon Bay of Lake 
Superior is to remove the more heavily contaminated near-shore materials using dry excavation 
methods, and removal of the less contaminated sediments located further from shore using wet 
excavation (i.e., mechanical dredging) methods. 

An analysis of excavation bottom heave prepared by Foth Injfrastructure & Environmental, LLC 
(Jime 1, 2009) suggested that basal heave, due to a significant artesian head in a deeper aquifer 
stratum, could pose a significant risk to worker safety, which could in turn negatively impact 
removal of the contaminated sediments using dry excavation techniques. Foth, in their 
memorandum, did acknowledge that they used a suriplistic approach to evaluate basal heave. 
That is, they simply compared the total downward vertical stress at the top of the aquifer to the 
hydraulic uplift pressure created by the artesian head at the top of the aquifer to define a Factor 
of Safety (FS) against basal heave. This is noted to be both simplistic and conservative since it 
neglects the shear strength of the uplifted soils along the vertical sidewalls of the failure mass. 

Objective 

The objective of this assessment is to complete a more rigorous and thorough evaluation of not 
only basal heave but other failure mechanisms that could pose a potential risk to workers, the 
environment, and to the successfiil completion of the project. Recommendations will be 
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provided with respect to the likelihood of successfully completing removal of contaminated near 
shore sediments using dry excavation techniques. 

Design Considerations 

A number of design considerations related to the ability to safely and successfully cornplete 
removal of near-shore sediments using dry excavation techniques have been identified as 
outlined below. 

1. Structural stability of the sheet pile retaining wall required to dry excavate bay 
bottom sediments; 

2. Upheaval of the bay bottom dry excavation surface using Foth's approach modified to 
include the shear strength alorig the assumed vertical sidewalls of the failure mass; 

3. Excavation bottom blowout due to shear failure of the cohesive aquitard soils induced 
by the dry excavation and the artesian head in the aquifer, which tmderlies the 
aquitard; and 

4. Piping (i.e., liquefaction) of cohesionless bay bottom sand and silty sand sediments at 
the surface of the dry excavation due to upward hydraulic exit gradients. 

Of these design considerations, structural stability of the sheet pile wall, excavation bottom 
blowout and piping of bay bottom sandy sediments are significant worker/equipment safety 
concerns and represent potential "fatal flaw" failure mechanisms. In contrast, upheaval of the 
bay bottom dry excavation surface simply indicates the potential for the bay bottom excavation 
surface to rise in elevation as a result of the upward artesian pressure in the tmderlying aquifer. 
This mechanism becomes more likely as the overburden load due to fi-ee water and excavated 
bay bottom sediments is sequentially removed in the dry excavation scenario. The "elastic 
extension of the soil below the excavation bottom due to load relief by excavating ..." is "only a 
problem of usability'." It is fiirther noted that upheaval is a primary concern when it is necessary 
to achieve a specified design excavation bottom elevation for the construction of structural 
elements, such as floor slabs or footings. Upheaval on such projects may require the over-
excavation of excavation bottom soils to achieve the targeted design excavation bottom 
elevation. The design elevation would depend on the estimated magnitude of upheaval of the 
excavation bottom. In the context of this analysis upheaval (basal heave) does not equate to 
failure. 

Geotechnical Engineering Handboolc (Volume 3), edited by ULrich Smoltczyk, 2002, John Wiley & Sons. 
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Analyses 

The following sections present stimmaries of the preliminary design analyses. 

Introduction 

The following analyses are based on the initial assumption that a series of sheet pile walls will be 
installed around the complete perimeter of the proposed dry excavation area at on-land and in-
water locations consistent with a preliminary remedial action plan developed by others. This 
alignment is shown in Figure 1. The distance from the on-land shoreline to the in-water parallel 
sheet pile walls is understood to be about 200 feet. Followdng complete installation of the on-
land and in-water sheet piling, the dry excavation footprint would reportedly be fiilly dewatered 
followed by dry excavation of contaminated bay bottom sediments within this footprint to a 
5-foot depth. 

Development ofEnsineerins Properties and Subsurface Cross-Section 

Preliminary analyses have been completed in support of each of the design considerations 
discussed above using available site subsurface exploration data (i.e., on-land and in-water test 
boring and well/piezometer logs) as well as limited geotechnical laboratory test data, which were 
available for this study. The development of a "Conceptual Design Subsurface Profile" and the 
physical/engineering properties of the various soil strata, which comprise this profile, is 
documented in Appendix A and summarized on Page 42 of this appendix. The selected physical 
and erigineering properties of the four soil strata, which comprise this profile, are summarized in 
Table 1. 
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Table 1 
Summary of Physical and Engineering Properties of Site Soils* 

Soil Type 

Bay Bottom Granular 
Soils (Silty Sand and 

Sand) 
Aquifer (Sands and 
Silty/Clayey Sands) 

Aquitard (Low Plasticity 
Clay Soil) 

Aquitard (Low Plasticity 
Clayey Silt Soils) 

uses 
Description 

SP/SM 

SP/SM/SC 

CL 

ML 

Total Unit 
Weight 

(pcf) 

101 

113 

124.5 

130.5 

Undrained 
Shear Strength 

(PSO 

0 

31 

660 

1250 

Internal 
Friction Angle 

(deg) 

26 

0 

0 

0 

Vertical 
Permeability 

(cm/sec) 

1x10"' 

1x10-' 

IxlO"' 

1x10"̂  

*Data from Appendix A, p.42 
USCS- Unified soil classification system 
pcf- pounds per cubic foot 
psf- pounds per square foot 
deg- degrees 
cm/sec- centimeters per second 

Information included on logs from water-based test borings 2900N/I500E and 2900N/2000E 
(i.e., physical descriptions and measured standard Penetration Resistance values [i.e., "N-
values"]) were primarily used in the development of the Conceptual Design Subsurface Profile. 
Where necessary, these data were supplemented by on-land shoreline test borings/monitoring 
wells MW-24A, MW-25A and MW-26/26A. For example, the water-based test borings 
2900N/1500E and 2900N/2000E did not fully penetrate the combined CL and ML strata, which 
comprise the aquitard. Therefore, the on-land shoreline borings/well logs were used to 
determine the aquitard thickness. Therefore, in using the three on-land test borings, the average 
of the combined ML and CL strata thicknesses shown on logs MW-24A (i.e., 32.5') and MW-
25A (i.e., 23') was used to determine an average aquitard strattim thickness of 28' for use in the 
various stability analyses. (The thickness of the aquitard shown on MW-26/26A of 41 feet was 
conservatively neglected in the development of the average thickness.) Further information 
based on the Conceptual Design Subsurface Profile is summarized in Table 2. 
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Table 2 
Preliminary Design Subsurface Cross-Section 

Stratum 

Free Water 
Bay Bottom Sands /Silty Sands 

Aquitard 
Aquitard 
Aquifer 

USCS 
Description 

— 

SP/SM 
CL 
ML 

SC/SM/SP 

Surface 
Elevation (ft) 

602 
594.5 
586 
578 
558 

Thickness (ft) 

7.5 
8.5 
8 

20 
To depth 

USCS- Unified soil classification system 
ft- feet 

Sheet Pile Design 

Five feet of contaminated sediment are to be removed from the bay bottom using dry excavation 
techniques. Based on the Conceptual Design Subsurface Profile, this will require the sheet pile 
wall to safely retain 7.5 feet of free water and 5 feet of sandy soil (bay bottom sediments). A 
cantilevered sheet piling installation is appropriate for this work. A conceptual sheet pile design 
was therefore completed using the developed subsurface profile modified for the above 
assumptions as documented on Page 4 of Appendix B. The 'analysis was completed using 
PROSHEET, a steel sheet piling design program developed by Skyline Steel Corporafion. The 
results of the PROSHEET analysis are presented in Appendix B. The analysis indicated that the 
sheet geometry and structural properties presented in Table 3 would be required. 
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Table 3 
Required Sheet Pile Properties'* 

(Conceptual Design) 

Property 

Total length'-^ 

Stickup length^ (above excavation bottom) 

Embedment depth^ (below excavation bottom) 

Minimum section modulus 

Steel grade/yield strength 

Value 

45 ft . 

15.5 ft 

27.4 ft 

25.19 inVft 

A572 Grade 50 

The actual calculated length was 42.9 feet. 
^The stickup length includes 3 feet of fireeboard above elevation 602 feet, the bay water 
surface elevation. 
Includes a factor of safety (FS) of 1.3 on calculated embedment depth. 

"̂ Data from Appendix B 
ft-feet 
in /ft- cubic inches per foot 

It should be noted that no external forces, such as those due to wave and ice loading, were 
included in the preliminary design. 

Possible sheet pile sections, which satisfy the preliminary design criteria, include AZ-14/770 
(25.2in^/ft), PZC-14 (26.0inVft) and PZ-27 (27.0in^/ft). Due to the dewaterihg of the inside area 
of the sheet pile creating a differential in water pressure head alonf the sheet pile wall, the 
selected sheet pile section must have hot-rolled (i.e., watertight "ball and socket" geometry) 
interlocks to minimize water leakage into the dry excavation area. 

Upheaval of the Bay Bottom Excavation Surface 

Upheaval of the surface of the bay bottom excavation can be a concern if a sattirated permeable 
soil strata, which tends to "confine" and therefore pressurize the pore water in the permeable 
layer to values greater than hydrostatic pressure, exists below an impermeable soil strata. In this 
instance, the impermeable stratum, as well as any overlying strata, have a tendency to be uplifted 
by the water pressure within the permeable layer. The significant artesian conditions in the 
aquifer at this site exacerbate this concern. The method used to determine upheaval of the lake 
bottom surface was similar to the method used in Foth's basalheave analysis with the exception 
that soil shear strength along the assumed vertical shear planes of the uplifted failure mass was 
included in the analysis. The modified upheaval analysis is presented in Appendix C. The 
analysis evaluated various failure mass geometries ranging fi-om 1 -foot by 1 -foot up to 200 feet 
by 200 feet in plan dimensions as summarized in the table presented on page 12 of Appendix C. 
It is noted that the calculated Factor of Safety against upheaval decreased as the footprint size 
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(area) of the failure mass increased. Assuming that a minimtim FS value of 1.25 is appropriate 
for this analysis, the table in Appendix C indicates that the dry excavation plan footprint should 
not exceed 150 feet by 200 feet. This, in turn, suggests that it would be possible to install an in-
water sheet pile wall approximately 200 feet from the shoreline as presently conceptualized as 
long as sheet pile walls perpendicular to this wall separated by no more than 150 feet were also 
installed to subdivide the dry excavation footprint into 150 feet by 200 feet cells before 
dewatering of any given cell to complete the dry excavation is permitted, see Figure 2. 

Excavation Bottom Blowout 

Excavation bottom blowout analyses are only applicable to saturated clayey soils tmder 
undrained conditions. This condition represents a potential rotational shear strength failure in the 
clayey soils which underlie an excavation bottom, and can be evaluated using several available 
quantitative procedures. These include the bearing capacity method, the slip circle method and 
the negative bearing capacity method. As discussed in detail in Appendix D, the negative 
bearing capacity procedure was selected for this study because it is widely used to evaluate 
excavation bottom stability, and typically yields a lower, and therefore, more conservative FS 
value as compared to the remaining two procedures. 

In particular, a negative bearing capacity procedure developed by Bjerrum and Eide^, which 
permits the FS value to be calculated for the case of 2 cohesive soil layers underlying the 
excavation bottom, was used for this stability evaluation. As documented in Appendix D, the 
analysis yielded a Factor of Safety value of 1.63 which exceeds the minimum recommended for 
this stability evaluation. 

Exit Gradient Analysis 

Vertically. upward hydraulic exit gradients within a dry excavation cell footprint could 
potentially destabilize the granular excavation bottom soils (i.e., the SP/SM cohesionless 
materials), if sufficiently high. The nattire of this process would be a fluidization of these 
materials similar to liquefaction, and represents a significant safety concern regarding workers 
and equipment which mobilize on the dry excavation surface. This phenomenon is referred to as 
"piping" in the geotechnical literature: 

Two physical mechanisms, one natural and the other man-induced, could, on their own or in 
combination, result in piping in the excavation bottom SP/SM surficial soils. These include: 

1. The upward gradient, which is naturally present in the SP/SM, CL and ML soil layers 
beneath the excavation bottom, induced by the artesian head in the underlying 
granular soil aquifer. 

Attachment to Appendix D, C.Y. Ou, Deep Excavation/theory and Practice, pp. 134-146 
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2. The upward gradient, which will be induced immediately adjacent of the sheet pile 
wall following its installation and dewatering of the free water inside a given 150-feet 
by 200-feet sheet piling cell, induced by the higher free water head in the bay water 
(elevation 602' surface) outside of the cell. 

The first mechanism was evaluated and quantified using SEEP/W, a commercially available 
finite element software. The SEEP/W results are presented in Appendix E. Page 7 of the 
appendix depicts the upward flow induced by the above mechanisms. In addition, page 9 of this 
appendix presents a plot of the estirnated exit gradient relevant to the assumed dewatered dry 
excavation groundwater level (elevation 587.5') across the width of the excavation. The 
nimierically insignificant average value of this exit gradient (i.e., 1.7x10"̂  ft/ft) is assumedly due 
to the very significant head loss/water pressure loss induced in the upward flow as it migrates 
through the 28 feet aquitard thickness. Note also that the highest exit gradient predicted by 
SEEP/W (i.e., 2x10"^ ft/ft) occurs first inside the sheet piling retainmg walls. This behavior is 
well known in geotechnical engineering practice. 

In this regard, a second quantitative procedure was also completed to estimate this maximum 
upward exit gradient immediately adjacent to, and inside of the sheet pile walls. This analysis is 
also included in Appendix E, and is consistent with the very conservative assumption that the 
entire subsurface environment consists of the SP/SM granular soils which comprise the 
excavation bottom (i.e., the ML and CL aquiclude soils are assumed to be non-existent), and 
therefore, much lower head loss/water pressure loss occurs in the underflow beneath the sheet 
piling before the underflow emerges just inside the sheet pile walls at the maximum exit 
gradient. The calculated maximum exit gradient using this procedure was 0.187 ft/ft. 

The above calculated exit gradient values based on the two physical mechanisms which create 
vertically upward flow toward the excavation bottom can be summed to deflne the exit gradient 
which, if significantly high, can induce piping in the SP/SM excavation bottom soils. This value 
(i.e., 0.187 + 1.7x10"̂  ~ 0.187) can be compared to the critical gradient in the SP/SM soils to 
define a FS against piping instability. This latter value, was calculated to be 1.034 based on 
laboratory test data (see Appendix E). The corresponding FS value was determined to be 5.53. 
(i.e., 1.034/0.187). This value is greater that the recommended minimum FS value of 4 to 5 for 
piping instability analyses. 

Conclusions and Recommendations 

It must initially be stated and understood by all relevant project participants that the analyses,, 
conclusions and recommendations presented herein are based on limited site-specific 
geotechnical field and laboratory data, and therefore, must be considered preliminary and 
conceptual-level only. However, based on our work effort in completing this study, WESTON is 
of the opinion that the near-shore, bay bottom sediments likely can be safely removed using dry 
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excavation techniques assuming that conceptual plarming, final design engineering and 
implementation of the construction work are all properly executed. 

It is also noted that, in order for a final design of the dry excavation alternative to be properly 
completed, additional geotechnical data are required. In particular, the thickness, shear strength 
and permeability of the CL and ML strata, which comprise the aquitard are of primary interest. 
In this regard, a geotechnical investigation program should be structtired that will allow for the 
collection of the required data and should include both field investigations (e.g., test borings, 
cone penetrometer testing, in-situ vane shear testing) and laboratory testing (e.g., undrained 
triaxial shear strength, vertical permeability, tmit weight, moisttxre content, and physical 
properties) on recovered split-spoon and Shelby tube samples of the encountered soils. The field 
investigation program should be structured to obtain data from across the entire footprint of the 
proposed dry excavation area. In this regard, variability in the subsurface data is likely, which 
may result in several different sheet piling designs along the alignment of the wall including, for 
example, the selection of different sheet piling sections and/or lengths for different portions of 
the alignment, and variation in the width (i.e., "B" dimension) of the sheet pile cells across the 
dry excavation footprint. 
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!ia|5| »yyrood"bHi'R:.tAYER.-''::;';;'. • :'';•. \;-'<..':dE)ioT£s-co«cffliRATTON er.iVoT/id̂ ^̂ ^ 

•SAND LAYER 

MILLER-CREEk 

. ^ . ' - Y " " . " ^ - l ' ' ? r . - ; ' • * • : • : ' ' . ^ ^ ° ^ M ^ ° H C ™ T I I A T T O N . O F . j T D T A L ' . " P y b C . ( u • . V i ^ : 

;l^3RUA^ioN^^:V?''^V::"i'•^v.»•-••'?'^-r^?;-^ "'^\:~-. W.. 

LEGEND -. 

I _ .|°;;.V .iWOOD .CHIPS ,";""-

^ , - i i " ' : i i i A N : C L A r . •;.,-;? 

1I|^K.I/-;KT:V;';;^;:;:;^^ 

jvf^'rS).(:'• SlUtY SAND;--:;;j:^ 

^ - s p ' : - ^ b ; | : ; ; ; - : : ; ; i ; i ; 

>i:-:w;ii-;SCREEN'INTERVAL.^ 

[o?/ta/MI j t c r T^^?a: 
ASHLAND CAKEFRCOT PROPERTY 

•. -;-, .v"i . : :-. , i .p=IQURE7 •::.-.-ar;-
GELOCaCAL CROSS-SECTldN. 

.-0*TI'. 



•gM«iiit<r»WM 

CLIENT/SUBJECT 

SHEET 

W.O. NO 

-7 of 

TASK DESCRIPTION 

PREPARED BY 

TASK NO. 

MATH CHECK BY. 

METHOD REV. BY 

DEPT 

DEPT 

nPPT 

DATE 

DATF 

DATF 

APPROVED BY 

DEPT. .DATE 

T^ :^ ^ / C L J : ^ # * - ^ -^ 

LA^^'^^.J^j i - r i^ ' tX^-y ' -^ '^^C^^ 

£i..^<Mk^ 

/ ' / J n 

/ ) ^ / j — i 
• ^ . 

- t^ 

04P-0681 an employee-owned company 



r 
CLIENT/SUBJECT 

SHEET _ : ± _ of 

W.O. NO. 

TASK DESCRIPTION 

PREPARED BY 

TASK NO. 

MATH CHECK BY. 

METHOD REV. BY 

DEPT 

nFPT 

nPPT 

DATE 

DATF 

DATF 

APPROVED BY 

rx/iy<^ 

company 



CLIENT/SUBJECT 

SHEET 

W.O. NO. 

Z . 
TASK DESCRIPTION 

PREPARED BY 

TASK NO. 

MATH CHECK BY. 

METHOD REV. BY. 

DEPT 

DFPT 

DFPT 

DATE 

DATE 

DATF 

APPROVED BY 

DEPT. -DATE 

0 

7̂^ 

04P'0685 

( ^ £ J S . . ' f ^ ^ 

X / J - ^ L A J ^ ^ ^ ^ '^*'*^-

'JS. ' 

^ ^ ^ ^ - ' ; 

v j » 

, „^»"^#Cir f 

V 
-e^-* 

• / ^ 

r ^ / ^ t ? " A > t - W - ^ . " ^ J z ^ r - j / 2 - ^ '̂ ^̂ ^ an employee-owned com, an employee-owned company 



w^sisis.~'i0sissaasx:m SHEET.: of 

CLIENT/SUBJECT W.O. NO. 

TASK DESCRIPTION 

PREPARED BY 

MATH CHECK BY 

METHOD REV. BY 

TASK NO. 

3 

^ 

Jl h^Z. ^ jzl^^.'S 

<;^-<i 

' ^ P '̂  4̂̂ =̂̂ ^̂ -̂  |w^^^ ^^-M^ dlr-StA 

- P^Jl^ ^̂ ^̂ ^ f ^ 3 ^ ^ 

04P-0685 

^ ^ r x . - ^ - ^ - ^ f i / iS^ ' ^ 
an employee-owned company 



( ( 

CLIENT/SUBJECT 

SHEET J _ _ of 

W.O. NO 

TASK DESCRIPTION 

PREPARED BY 

TASK NO. 

MATH CHECK BY. 

METHOD REV. BY. 

DEPT 

DFPT 

DFPT 

DATE 

DATF 

DATF 

APPROVED BY 

DEPT DATE 

^ 

04P-0685 v> .^ an ejTip/ovee-ownec/ company 



CLIENT/SUBJECT 

SHEET of 

W.O. NO. 

TASK DESCRIPTION 

PREPARED BY 

TASK NO. 

MATH CHECK BY. 

METHOD REV. BY. 

^>y^ 

I 
I 
I 
I 

< a r < ^ 

•-^-th^ T^csOf^ 

•̂  ^^-^K"*^ ( ^ 

04P-0'685 an employee-owned company 



r (J3J 
State of Wisconsin ' 
Department of Natural Resources 

Route To: 
D Solid Waste 
D Emergency Response 

D Wastewater 

D Haz. Waste 
CD Underground Tanks 
D Water Resources 
D Other 

Soil Boring Log Information 
Form 4400-122 7-91 

Page 1 of 1 
Facility/Project Name 

Ashland Lakefront Property 
Boring Drilled By (Firm name and name of crew chieO 

Maxim Technologies; Brad Davis 

DNR Facility Well No. Wl Unique Well No. iCommon Well Name 

License/Permit/Monitoring Number 

Date Drilling Sianed > 

3/12/96 

Final Static Water Level 

Feet MSL 
Boring Location 
State Plane' 

1/4 of 1/4 of Section 

N, E 
T N,R 

Lat 46° 35' 49" 

Long 90" 52' 59" 

Boring Number 

29N15E 
Date Drilling Completed 

3/12/96 

Drilling Method 

3.25" HSA 

Surface Elevation 

5 9 0 . 6 Feet 

Borehole Diameter 

7 .0 Inches 
Local Grid Location (If applicable) 

H N S E 
2900Feet D S 1500 Feet D W 

County 
Ashland 

Sample 

a "o 

11 

12 

w 
10 

1-1-3-J _ 

f 

DNR County Code 
02 

Civil Town/City/ or Village 
Ashland 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

- 1 . 5 

Wood chips 

" ( - 3 . 0 

Brown, loose-medium dense SAND; 
I little to some Silt, trace Gravel, no 
' discernable odor 

5f^6K 

5-6-2-1 I -
1-6.0 

-7.5 
7>< 

/J-^r9-o I 

Brown, medium stiff, lean CLAY; 
some Sand / ^ . 

16 
:—10.5! 

6-
i^oif 7-̂  

12.0 

20 -13.5 

h l S . O 

r-16.5 

1 
Brown, medium dense-dense SILT; 
some fine grained Sand 

M ^ 
End of Boring® 17.0'. 

I hereby cenify that the information on this form is true and correct to the best of my knowledge 

Signature 

^ -
L. 

Firm SEH 421 Frenctte Drive 
Chippewa Falls, WI. 54729 
Tel: 715-720-6200, Fax: 715-720-6300 

This form is^thorized by .Chapters 144, 147 and 162, Wis. Stats. Completion of this repon is mandatory. Penalties: Forfeit not less than $10 nor 
more than $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or both for each violation. 
Each day of continued violation is a separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats. 

r^-«?^v% 



State of Wisconsin" 
Department of Natural Resources 

Route To: 
D Solid Waste 
d Emergency Response 
Q Wastewater 

D Haz. Waste 
• Underground Tanks 
D Water Resources 
D Other 

Soil Boring Log Informatio: m 
Form 4400-122 7-91 

' Page 1 of 2 

Facility/Project Name 

Ashland Lakefront Property 
License/Permit/Monitoring Number Boring Number 

29N2OT; 
Boring Drilled By (Firm name and name of crew chicO 

Maxim Technologies; Brad Davis 
Date Drilling Surted 

3/11/96 

Date Drilling Completed 

3/11/96 

Drilling Method 

3.25" HSA 

DNR Facility Well No. WI Unique Well No. Conumon Well Name Final Static Water Level 

Feet MSL 

Surface Elevation 

5 9 0 . 3 Feet 

Borehole Diameter 

7 .0 Inches 
Boring Location 
State Plane 

1/4 of 

! Lat 46° 35' 49" 

Long 90° 52' 59" 

Local Grid Location (If applicable) 

E N . M E 
2900Feet n S 2 0 0 0 Feet D W 

1 hereby certify that the information on this form is true and correct to the best of my knowledge. 

Signature Firm 

^S&l 
SEH 421 Frenetie Drive 
Chippewa Falls, WI. 54729 
Tel: 715-720-6200, Fax: 715-720-6300 

This form is anthorized by Chapters 144, 147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less than $10 nor 
more than $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or both for each violation. 
Each day of continued violation is a separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats. 



State of Wisconsii; 
Department of Natural Resources 

Soil Boring Log Information Supplement 
Form 4400-122A 7-91 

Boring Number 29N 20E Use only as an attachment to Form 4400-122. Page 2 of 2 

Sample 

u 
XI 

E 
3 
Z 

OO o 
C U 

c 
3 
O 
U 

CD 

LL. 

.5 
H. 
u 
Q 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

End of Boring (@ 17.5' 

-7^> 



Ik 
CLIENT/SUBJECT 

SHEET _! of 

W.O. NO. 

TASK DESCRIPTION 

PREPARED BY 

TASK NO. 

MATH CHECK BY. 

METHOD REV. BY. 

DEPT 

DFPT 

DFPT 

DATE 

DATE 

DATF 

APPROVED BY 

DEPT DATE 

J,M>^ 

^ ,̂'=^ ,^> t̂ -̂ ^̂  ̂ W ^ 4, 

K 

C o 

o 

04P-0685 

tJ.C^'ZJc) 

an employee-owned company 



CORRELATION BETWEEN N-VALUES 

AND UNIT WEIGHT 

Fine Grained Soils 

N 

(bpO 
0 

1. 
2 

3 

4 

5 

6 
7 

8 

9 

10 

11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

2! 

22 

23 
24 

25 

26 

27 

28 

29 

30 

3! 

32 
33 
34 

35 

36 

37 

38 

39 

40 

41 

42 

43 
44 

45 

46 

47 

48 

49 

50 

51 

52 

53 
54 

55 
56 
57 

58 
59 

60 

Yiwi 

(pcO 
95 

106 

110 
114 

117 

118.5 

120 

122 

123 
124.5 

125.5 

126.5 
127.5 

128 

129 

129.5 

130 

130.5 

131 

131.5 

132 

132.25 

132.5 

133 
l'33.5 

134 

135 

135 

135 

135 

135 

135 
135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 
135 

135 

135 

135 

135 

135 

135 

135 

135 

Coarse Grained Soils 

N 

(bpf) 

0 

1 
2 

•3-

•4 

5 

6 
7 

8 

9 

10 

11 
12 

13 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

25 

26 

27 
28 
29 

30 

31 

32 

33 

34 

35 

36 
37 

38 

39 
40 

41 

42 
43 

44 

45 
46 

47 

48 

49 

50 

51 
52 

53 

54 

55' 

56 
57 

58 
59 

60 

7ioi«i 

(pcO 
. 80 

85 
90 

93 

96 

98.5 

101 

103.5 
106 

108 
110 

111 
112 

, 113.25 

114.5 

115.25 

116 

116.75 

117.5 
118.25 

119 

11975 

120.5 

120.75 

121 
122 

123 

123.5 
124 

124.5 

125 

125.5 
126 

126.5 

127 

127.5 

128 

128.5 
129 

1295 

130 
130.5 

131 
13i:5 

132 

132.5 

• 133 
• 133.5 

134 

134.5 

135 

135 
135 

135 

135 

135 

135 

135 

135 
135 

135 



CLIENT/SUBJECT 

SHEET. 

W.O. NO. _ _ 

of 

TASK DESCRIPTION 

PREPARED BY 

TASK NO. 

MATH CHECK BY. 

METHOD REV. BY. 

DEPT 

DFPT 

DFPT 

DATE 

DATF 

DATF 

APPROVED BY 

DEPT. .DATE 

^ ^ /\CZM''^^^^^^ — 

^1^ 

-^.^^tx^ - i ^ ^ z . "o '̂̂ -v.—r-Tip ,̂ J-f^t-— 

t^5' 
^ 

^•^&\Jl^ /W0-^, . '< .*^yM^' 

C ^ ^::Jt .sgi '^^A'*'-*»^ 

04P-0685 an employee-owned company 

*a.>^M 



y i ^ 

CLIENT/SUBJECT 

SHEET 

W.O. NO 

I f . 
TASK DESCRIPTION 

PREPARED BY 

TASK NO. 

MATH CHECK BY. 

METHOD REV. BY. 

DEPT 

DEPT 

DFPT 

DATE 

DATF 

DATF 

APPROVED BY 

DEPT. .DATE 

# ^ ^ 

i-(c.L,^ - 7 . ^ ' ( ^ ^ ^ ^ f K ) / ( ^ ^ ' 

4 
oa.̂  t i c ^ t ^ ^ ^ ' ^ '7'^^' UL-^^-C— % 

UA^ 

T^r.^-M^ -e^t^^^i^ . ^ - i t . ^ ^ ^ ^ ^ 
04P-0685 an employee-owned company 



'JMamiiJMgM SHEET . r _ of 

CLIENT/SUBJECT W.O. NO. 

TASK DESCRIPTION 

PREPARED BY 

TASK NO. 

MATH CHECK BY 

METHOD REV. BY 

DEPT 

DFPT 

DFPT 

DATE 

DATF 

DATF 

APPROVED BY 

DEPT. -DATE 

t : k- u 
^ ( £ > y f ^ ^ 

4 C^ 
"^cr % ^ ceo 

04P-0685 
7 ^ / . j ^ ^ ^ x M ^ J^'-dz:^ d c A ^ ^ 

^ 

an employee-owned company 



30 
PENETRATON RESSTANCE VS 
UNCONFINED STRENGTH OF CLAlT 

y SOWERS: I 
/VCLAYS OF LOW PLASTICITY ANO 

• CLAYEY SILTS. 
CLAYSCF MEDIUM PLASTICrTY^ 

0.S 1.0 1.5 2.0 2.3 3.0 
UNCONRNED COMPRESSIVE; STRENGTH qu ,TSF 

FIGURE 4 
Corre la t ions of Standard Penetrat ion Resistance 

Zil 

Pocket Penet^ometer^Reaalngs 
Projea: Ashland Lakefront 

. Project #: WIDNR9401 
Date: 4/24/96 

_.-..•- — ^ , ^ ^ 
Sample # ! Location : Depth i Reading i 

I ; (ft.) Ktons/sq. fi.)l 
I 'S-284 I ' 2900N ] 13-15 0.60 _ 
; ' 1500E : ^ ^ S P f ^ 

2900N : 13-15 i 1.00 
2000E [__ ' iTrrya f ; ^ 
2lb0N ; 15.5-17.5 '• 1.25 ^ 
lOOOE I ' = ^ J : ? : ^ ^ : P ^ 

S-285 

I-—. 
S-286 

'S-287 13-15 

S-288 2700N 
2500E 
2700N S-294 

s-ToT 

S-307' 

I 13-15 

• • - - - - • 

...2100E 

31 

S-308 2700N 
1700E 

S-310 2600N 
1200E 

0.60 /? 

0.50 

12-14 

~8^0 

6-8 0.50 

6-8 

g:\wastl\pock 

file://g:/wastl/pock


CLIENT/SUBJECT 

SHEET 

W.O. NO 

TASK DESCRIPTION 

PREPARED BY . 

TASK NO. 

MATH CHECK BY. 

METHOD REV. BY 

DEPT 

DFPT 

DFPT 

DATE 

DATF 

DATF 

APPROVED BY 

DEPT. -DATE 

/ r - — 

-T^-^^fiC^ 
-2-

535r 

04P-0685 

^y^^iJLjlQc^ gn-^V^ ^ = ^ ^ ^ Ut^ -C^ . 

^ '^.i^.yisJi- c n ) ^ - - i k ^ J l rcro-eL^: , 

fAO^-TA-^ Mo^-'-ZSk'* M Q - : ^ ^ J ^ ' ^ 

an employee-owned company 



CLIENT/SUBJECT 

SHEET. 

W.O. NO. 

of 

TASK DESCRIPTION 

PREPARED BY 

TASK NO. 

MATH CHECK BY 

METHOD REV. BY 

DEPT 

DFPT 

DFPT 

DATE 

DATF 

DATF 

APPROVED BY 

DEPT. -DATE 

/9 

C J L ^ H . U 

H ^ ll'-t zh^'^-^z.c 

/tf^?.<i-&-**j^f^- t ^ 

4 dJ_ (fz3'-^ 4̂ .̂ s-^ 

(J1..L.4(AL: 

04P-0685 an employee-owned company 



- > ^ 

state of Wisconsin 
Department of Natural Resources 

Route To: 

Q Solid Waste 

Q Wastewater 

n Emergency Response 

n Haz. Waste 

n Underground Tanks 

n Water Resources 

D Other 

SOIL BORING LOG INFORMATION 
Form 4400-122 7-91 

Sample 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit g 
a. 

Soil Properties 

^ E 

Grassed area 

FILL, CLAY, silty, trace gravel, moist, 
soft, low plasticity, dark brown. 
Contains brick fragments. 

16 
1,1 
1,2 

FILL, wood ships, dark yellow brown, 
coal tar odor. 

12 3,3 
4.5 

10 

I 
• . 12 

SAND, fine grained, some silt, wet, loose, 
poorly graded, dark reddish brown. 

SM 

- Driller reports hard drilling at 12 
feet. 

KU ML 

14 

I tiereby certify that the information on this form is true and correct to the best of my knowledge 

Signature Firm NewFields, Maidison, Wisconsin 

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is.mandatory. Penalties: Forfeit not less than $10 nor more than $4,000 for 
each violation. Fines not less than $10 or more than $100 or imprisoned not less than 30 days, or both for each violation. Each day of continued violation is a 
separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats 



State of Wisconsin 
Department of Nahjral Resources 

Boring Number M W - 2 4 A 

SOIL BORING LOG INFORMATION SUPPLEMENT 
Form 4400-122A 7-91 

Page 2 of 3 
Sample 

^ > (J 
5 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 
to 
o 
10 
13 

Soil Properties 

,13 - ^ 

E 
E 
G 

o 
a 
o 

20 

/v/-

3,8 
11,151 

15 

16 

17 

18 

19 

SILT, very moist, very stiff, non-plastic, 
dark reddish brown. 

t^^ 

20 

< -

4,7 
9,10 

(4 

— 20 

23 

24 

22 5,8 
13,14 

25 

E 
m _ 26 

L 
CLAY, silty, very stiff, low plasticity, moist, 
dark reddish brown. 

29 

20 1,2 
2,3 

r— 30 

^ 3 2 

CLAY, silty, medium stiff, low plasticity, 
very moist, dark reddish brown. 

i 35 

ML 

CL 

CL 
-ML 

19 

16 

21 



&p 
State of Wisconsin 
Department of Natural Resources 

SOIL BORING LOG INFORMATION SUPPLEMENT 
Form 4400-122A 7.91 

Boring Number 

Sample _ 

.n 
E 

7 

8 

9 

9 

K 1 

" IT 

8 

20 

22 

20 

^ 

f 
in 
C 
3 
0 

0 

MW-: 

LL 

SI 

s-
D 

L„ 
h 
— 38 

L 
z. 

" 39 

_ 

I'° 
15,18M~ 41 
9,12 K 

^ 42 

43 

— 
44 

- • 

r" 
30,8 
10,10 

48 

-
49 

— 
— 
r 50 

I 
13,15..fr_ 
17,18 • "" 

?2.|3, 

53 

- ; 
^J-54 

\ -

56 

57 

58 

?4A 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

CLAY, silty, medium stiff, low plasticity, 
very moist, dark reddish brown. 

CLAY, silty, trace fine sand, trace fine 
gravel, moist, very stiff, low plasticity, 
dark reddish brown. 

1 

SAND, some clay, little gravel, wet. 
medium dense, poorly graded, dark 
reddish brown. y ^ / ^ 

' ̂  r-::p 
^ K ^ zyy 

SAND, medium to coarse grained, trace 
silt, trace fine gravel, wet, dense, poorly 
graded, reddish brown. 

EOB @ 52 ft, set well MW-24A at 51 ft. 

CL 
ML 

SC 

SP 

- I 

Id 
Q . 
CD 

0 

11 
iflilM; 

lit I i i 
•^i 

Mil 
IM 
i •: -1-
î i'̂ iii' 

m i 
:&!ii|r 

m 
ili'W 

M 
iiitili 

jiii; 

• • • : ' ' • ? • • 

i'0 
vo;H 

:-VS";" 
''<y:'y 

• ! - ' " O A 

'•••'.•'•''.• 

y..y..''. 

.v.-'.;'// 

!'••••/-''••'• 

i 
b 

1 

D 
LL 
3 
D. 

Page ^ L o f 

Soil Properties 

c 

. (0 vT 

en Q. 

^1 

18 

32 

•» *. 
3 £ 
0 0 
s o 

I 

• 

T3 

--

U 

re E 
Q. _1 

0 
0 

Q. 

3 

E 
E 
0 

y 
Q 
0 



1^. 
state of Wisconsin 
Department of Natural Resources 

Route To: 

• Solid Waste 

n Wastewater 

n Emergency Response 

D 

n 
D 

D 

Haz. Waste 

Underground Tanks 

Water Resources 

Other 

SOIL BORING LOG INFORMATION 
Form 4400-122 , 7-91 

Fadlity / Project Name 

Ashland / NSP Lakefront Superfund Site 
License/Permit/Monitoring Number 

Boring Drilled By (Firm name and name of crew chief) 

Boart Longyear - Paul Dickinson 

Date Drilling Started 

05 y 17 / 04 
M M D D Y Y 

Date Drilling Completed 

05 
M M 

DNRFaciHtyWel lNc. W l Unique Wel l No: Common Well Name 

MW-25A 
Final Static Water Level 

Feet MSL 

Surface Elevation 

_ _ _ ^ ^ _ Feet MSL 

Boring Location 
State Plane 

SW 1M „, NW 
N. 

1/4 of Section 3 3 T 48 
. E S/C/N 

.N, R 4 

Lat — 

Long 

Local Grid Location (If Applicable) 

D N 

Feet n S Feet 
n E 
• w 

County 

Ashland 
DNR County Code 

0 2 

Civil Town / City / or Village 

City of Ashland 

Sample 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

Soil Properties 

o o 
5 O 

_ E 
Q. _) 

Grassed area 

No samples collected above 15 feet. 
See boring log for P-25 for soil 
descriptions. 

10 

11 

12 

13 

14 

1 hereby certify that the information on this form is true and correct to the best of my knowledge 

Signature Firm NewFields, Madison, Wisconsin 

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less than $10 nor more than $4,000 for 
each violation. Fines not less than $10 or more than $100 or imprisoned not less than 30 days, or both for each violation. Each day of continued violation is a 
separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats 



.<?. 

State of Wisconsin 
Department of Natural Resources 

Boring Number MW-25A 

SOIL BORING LOG INFORMATION SUPPLEMENT 

Form4400-122A 7-91 

Page 2 of 3 
Sample 

o 
5 

So i l /Rock Desc r i p t i on 
A n d Geo log i c Or ig in For 

Each Major Un i t 

g 
u. 
3 

Soil Properties 

o o 
S O 

s - i 

E 
E 
o 
u 
S 
o 
DC 

18 
3,5 
B,5 

20 
5,11 
19,131 

15 

16 

17 

19 

20 

21 

22 

24 

CLAY, silty, moist, low plasticity, stiff, 
reddish brown 

CL 

CLAY, silty, very stiff, low plasticity, moist, 
dark reddish brown, trace sand and gravel 

^ ^ 

20 8,11 
12,14 

K_ 26 

i * 27 

CLAY, silty, very stiff to hard, low plasticity, 
moist, dark reddish brown. 

22 8,12 
20,18 1 

30 

• 31 

' 3 2 

33 

CLAY, silty, hard, low plasticity, moist, 
reddish brown. 

20 9.1,1 
15,21 [ 

35 

36 

CLAY, as above to 36 feet 

• 
i 

CL 

CL 

11 

30 

& ' 

32 

27 



G^ 
Slate of Wisconsin 
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SOIL BORING LOG INFORMATION SUPPLEMENT 
Form 4400-122A 7.91 

Boring Number — 
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MW-25A 
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— 
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_ ^̂  

~ 40 

t 
8,9 » " 41 
1 5 , 2 3 B 

• ^ \ 

* -

44 

— 45 

45 

— 47 

~ . 48 

49 

"~ . 50 

51 

Z~ 52 

53 

-
_ 
— 54 

55 

56 

U 
1— 

57 

58 

Soil/Rock Description 
And Geologic Origin For 

^^^,.—EaohMajor Unit 

O-AY, silty, wJth_SANDj^ce gravel, wet, (i 

poorly graasdTSense, dark reddish brown \ 

Sand seam at 37 feet 

Driller reports soft drilling at 37 feet. 
water is rising in augers 

SAND, fine to medium grained, medium 
dense, pooriy graded, dari< reddish brown 

EOB at 43 feet, set well MW-25A at 42 ft. 
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3c> 
State of Wisconsin 
Department of Natural Resources 

Route To: 

D Solid Waste 

D Wastewater 

d Emergency Response 

n 
D 

a 
n 

Haz. Waste 

Underground Tanks 

Water Resources 

Other 

SOIL BORING LOG INFORMATION 
.Forni 4400-122 7-91 

Page_ 

Fadlity / Project Name 

Ashland / NSP Lakefront Superfund Site 
License/Permit/Monitoring Number 

Boring Drilled By (Firm name and name of crew chief) 

Boart Longyear - Paul Dickinson 

Date Drilling Started 

05 , 18 , 04 
M M 

/ • 

DD Y Y 

Date Drilling Completed 

05 
M M 

DNRFapllilyiWeirNoV' Wl Unique VVell NoJ; Common Well Name 

MW-26 
Final Static Water Level 

• Feet MSL 

Surface Elevation 

Feet MSL 

Boring Location 
State Plane 

S W 1/4 of N W 1/4 of Section 

E S/C/N 

33 48 N. R 

Lat 

Long 

Local Grid Location (If Applicable) 

Feet • s Feet 
a E 

a w 
County 

Ashland 
DNR County Code 

0 2 

Civil Town / City / or Village 

City of Ashland 

Sample 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

Soil Properties 

re E 

Grassed area 

FILL, silty clay, dark brown 

-gravel/rock encountered 

CL 

16 i 
FILL, CLAY, moist, firm, low plasticity, 
dark reddish brown 

SAND, some silt, trace gravel, wet, loose, 
pooriy graded, dark brown, broken glass 
present 

SM 

16 

2,3 
1,3 

2,3 
4,4 

10 

11 

12 

13 

14 

FILL, SAND, fine to medium grained, trace 
gravel, some silt, wet, loose, pooriy graded, 
dark brown, strong coal tar/sheen 

i -a •; 

lili 
SAND, fine to medium grained, wet, loose, 
poorly graded, dark reddish brown SP 

I hereby certify that the information on this form is true and correct to the best of my knowledge. 

Signature Firm NewFields, Madison, Wisconsin 

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less than $10 nor more than $4,000 for 
each violation. Fines not less than $10 or more than $100 or imprisoned not less than 30 days, or both for, each violation. Each day of continued violation is a 
separate offense, pursuant to ss 144.99 and 162.06, VWs. Stats 



State of Wisconsin 
Department of Natural Resources 

SOIL BORING LOG INFORMATION SUPPLEMENT 
Form 4400-122A 7-91 

Boring Number 

Sample 

0 

1 

A 

4 

i = -
1 "c a> 

16 

z^ 

"c 

0 
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S 
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MW-25 

"5 
(U 
u. 
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Q. « 
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" .7 | r - 15 
1 1 , 1 2 B 
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— 18 

— .,9 

20 

21 

22 

— 23 

24 

— 25 

~ . 26 

27 

~ . 28 

29 

3 - 30 

31 

— 32 

33 

34 

35 

36 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

SILT, trace fine sand, non-plastic, very 
stiff, wet, dart< reddish brown, slight odor 

ML/ 
EOB at 16 feet, set well MW-26 at 15 feet 
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state of Wisconsin 
Department of Natural Resources 

Route To: 

P Solid Waste 

n Wastewater 

n Emergency Response 

n 
n 
D 

n 

Haz. Waste 

Underground Tanks 

Water Resources 

other 

SOIL BORING LOG INFORMATION 
Form 4400-122 7-91 

Page_ of 

Facility / Project Name 
Ashland / NSP Lakefront Superfund Site 

License/Permit/Monitoring Number Boring N 

Boring Drilled By (Firm name and name of crew chief) 

Boart Longyear - Paul Dickinson 

Date Drilling Started 

05 , 18 , 04 
MM YY 

Date Drilling Completed 

05 , 1 8 ,04 
M M DD Y Y 

XtdUingJ l̂ettte 

4 1/4" ID HSA 

DNR Fadlity Well No. Wl Unique Weil No. Common Well Name 

MW-26A 
Final Static Water Level 

Feet MSL 

Surface Elevation 

Feel MSL 

Borehole Diameter 

8.3 inches 

Boring Location 
State Plane 

S W 1/4 of JWV^ 1/4 of Section 3 3 T 4 8 

_ E S/C/N 

N, R 4 E 

Lat — 

Long — 

Local Grid Location (If Applicable) 
D N 

Feel n S Feet 
D E 
b w 

County 

Ashland 
DNR County Code 

0 2 
Civil Town / City / or Village 

City of Ashland 

Sample 

§•8 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

D 
Ll_ 

D 

Soil Properties 

Grassed area 

Nosamples collected above 20 feet. 
See boring log for MW-26 for soil 
descriptions. 

12 

13 

14 

I hereby certify that the information on this form is true and correct to the t>est of my knowledge. 

Signature Firm NewFields, Madison, Wisconsin 

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less than $10 nor more than $4,000 for 
each violation. Fines not less than $10 or more than $100 or imprisoned not less than 30 days, or both for each violation. Each day of continued violation is a 
separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats 
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State of Wisconsin 
Department of Natural Resources 

Boring Number MW-26A 

SOIL BORING LOG INFORMATION SUPPLEMENT 
Form 4400-122A 7-91 

Page 2 of 3 
Sample 

z _i IT m 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 
o 

Q 
U. 
3 
Q. 

Soil Properties 

JS E 

E 
E 
o 
o 3 o a: 

18 

15 

16 

17 

18 

19 

t -? 
S( 

ML-;: 

/ 

J^^^*.-, a^A"^ 

SILT, trace fine sand, wet, hard, non-
plastic, dark reddish brown 

n 
ML 

25 

26 

27 

28 

29 

30 

• 3 1 

»32 

33 

35 

CLAY, silty, trace sand, wet, stiff, low 
plasticity, dark reddish brown 

CL 

No recovery, pushing rock 

CL 

CLAY, silty, trace sand, moist, very stiff, 
low plasticity, dark reddish brown 

45 

13 

13 

20 



State of Wisconsin 
Department of Natural Resources 

Boring Number MW-26A 

SOIL BORING LOG INFORMATION SUPPLEMENT 
Form4400-122A 7.91 

Page 3 of 3 
Sample 

O 

I 
Soil/Rock Description 

And Geologic Origin For 
Each Major Unit 

o 

9 
u. 

3 

Soil Properties 

0) ...^ 

re E 

37 

16 
11,121 
19,241 

38 

39 

40 

41 

CLAY, silty, trace sand, moist, very stiff, low 
plasticity, dark reddish brown 

-sand seams present (<1/4" thick) below 
41 feet 

CL 

16 9,12 
14,21 

44 

45 

47 

48 

49 

CLAY, silty, little sand, trace gravel, moist, 
very stiff, low plasticity, dark reddish brown 

CL 
ML 

11,17 
14,23 

CLAY, as above 

-4 inch piece of wood encountered at 51.5 
feet 

Driller reports soft drilling at 54 feet 

CL 
ML 

1 
m 

SAND, fine to medium grained, some silt, 
trace gravel, wet, dense, poorly graded, 
dark reddish brown 

EOB at 61 feet, set well MW-26A at 60 ft. 

SM 

31 

26 

31 

37 



I 

SHEET of 

CLIENT/SUBJECT W.O. NO. 
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TASK NO. 

MATH CHECK BY. 

METHOD REV. BY 

DEPT 
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DFPT 

DATE 

DATF 

DATF 

APPROVED BY 
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Geodata 
r , - - - ' - ' ~ ~ ' - ^ _- . " - " ; ',;"•; ' ; - -

Sheet Pile-Top Leye| [ f t l . .> •,-- ' - , ' : ?-: 

SheetRiieTiRLevelIft]!=':::'',> .-':-.-: 

Soil Level in Front [fiy • ->,\" ' f r ' / , 

•Soil Level Behind [ft] .- V ' . i ; ; „ . ; ' • ' 

An'chorlevel [ft] - , " . ' ' '-" " - - J , -

Water Level in Front [ft] " ' '~ 

Water Level behind [ft], "• " - .:. 

Soil Surface Inclination In Front [Deg] 

Soil Surface Inclination behirid"[Deg] -' 

Caqlipt^Surchfarg'e in Fjont [kip/ft2] • . 

CaquotSurcharge'behind [kip/ft2] - \ 

Anchor Inclinatkjn [Deg] •"-/-= - ,V 

Earth Support' " - ' - ' - r -- - • : 

Unif.^,V;-
0.000 

36.583 

15.500 

10.500 

0 000 

17.500 

3.000 
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0.000 

0.000 

0.000 

0.000 

Cantilever 

SPTop^^^flg-
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I .'Water2 ^ U < ^ ' ^ 
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Back 
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Ashland - Headwall - Section 1 Date: 11/11/2009 

Soil Layers 

Layers in Front 

Layer,! 

Layer 2 
Layer 3 
Layer 4 

Layer.Tip-{ft] 

19.000 

27.000 

47.000 

90.000 

Density Moist [kip/ft3] 
^ 

^ 
0.101 

.^ 

^ 
0.124 

0.131 

0.113 

Density Submerged £kjp/ft3] 

^ 
0.039 

^ 
0.063 

y 
0.068 

0.051 

Kph 

3.710 

1.000 
1.000 

5.168 

PhilDegl 
26.000 

0.000 

0.000 

31.000 

D e p [Deg] 

^ 
13.000 

• . ^ 

0.000 

. ^ 
0.000 

-15.500 

Coh' lesidri [kijj/ft?] 

0.000' 

^ 
0.650' 

ŷ  
1.250 

0.000 

Layers behind 

Layer 1 

Lay'et'X: 
Layers 

Layer 4 

Layer Tip [ft] 
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27.000 

47.000 

90.000 

î  0.101 

^ 
0.124 

0.131 

0.113 

S ^ 
^ ^ 

0.063 
0.068 

0.051 

fe^ 
'Density.Moist [kip/ft3] Depsity-Submerged" [kip/ft3] J i ipV^ Phi [Deg];;.gj?fta [Peg]'. GoKesidri-'ikip/ftiZ]: 

1.000 

1.000 

0,279 

0.000 

0.000 

31.000 

^ 
13.000 

Z ^ 
0.000 

0.000 
-^r- 15.500 

0.000 

0.660 

Z ^ 
1.250 

0.000 
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•:Ashiaricl;kjHeadvsrajil - Section 1;; iOaifei 11/11/2009^ 

Pile Section 

Mme:iM^msm 
Wriiertia Dn4/ft i i |gr 
lModu!us}[in3/ftip^ 
lAr#[in2/ft]S|SJ|v^ 
M S ^ l B s / f g J i g a 

[:.Steei^3r^iilB/in2], 
Î RequesterfSafetyî i" 

;Azii<ie^77qS 
170.620 

25.203 

6.213 

21.137 

50000.000 

1.000 
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?Ashlar»d;- Headwall - Section 1 ' Date: 11711/2009 

Extremal Values 
•'-;:•"'•;/'iV/^SfeiKy'i-' 

/Defle?*|pn'p{ti;:-:'^-
:CSqss;t;g^![l<ip/ft]; 

fjMpmeng[Kipft/ft]";^ A. 

=z;rt(fijift];-

0.000 

34.087 

34.119 

:Min:;- L̂:-

-0.667 

-19.058 

-0.832 

.•z:;Max;[ft],̂  

34.087 

19.000 

26.349. 

liyiaxli 
: d.ooo 

6.522 

:̂ 68:235 
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Ashlarici>; Headw^li jr S«:tion f :̂  i;1/i:i/2009:̂ ^ 
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iSteei:Grader[lb/iri2]i#i};;;;>5^^ 

!?Mi i i ! i f^ lMTient- [ fep^ 
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162 Stability analysis 
(£) 

As illustrated by the above two examples, the penetration depths computed with the 
simplified gross pressure method and the net pressure method are 5.6 and 5.76 m, respectively. 
The difference between the two is little. Therefore, the simplified, gross pressure method is 
most commonly adopted. 

5.7 Upheaval 

If below the excavation surface there exists a permeable layer (such as sand;or gravel soils) 
underlying an impermeable layer, the impermeable layer has a tendency to be lifted by 
the water pressure from the permeable layer. The safety, against upheaval, of the imper
meable layer should be examined. As shown in Figure 5.31, the factor of safety against: 
upheaval is 

^ u p — (5.17) 

where 

J 
I 
I 

1 
I 

S ' M 

Fup = factor of safety against upheaval . 
Yii = unit weight of soil in each layer above th^ bottom of the impermeable layer 
hi = thickness of each soil layer above the bottoin of the imperrneable layer 
//w = head of the waier pressure in the permeable layer 
)̂w — unit weight of the gi-ptindwater. 

- ^ ^ The factor of safety against upheaval Fup should be larger than or equal to r;2-
To safeguard the safety of excavation construction, the possibilities (of the occurrence) of 

upheaval at each stage of excavation should be ahalyzed. If drilling within the excavation 
zone is required (e.g. in order to place piezometers or build a well), the possible paths of water; 
flow should be verified and the possible upheaval induced by drilling should be prevented to: 
secure the excavation: Please see Section 5.8.2. 
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'oth DRAFT Memorandum 

.June 1, 2009;:,..;• 

TO: Jerry Winslow, Nprtherri States PoTiyerCornpany 

CC: • Nick Azzolina, SteveiLaszewski .: - . ^ --

FR: Jerry Eykhol.t, Jim Hutchison :' 

RE: Preliminary Geotechnical Review.- Sheet Pile Wall installation for the Ashland/NSPW 
Lakefront Site -

Backsround 

This memorandum provides Foth's comments on the risks associated with basal heave faflure 
and other,geotechnical structural design elements for the two predominant sediment removal 
options, for the Ashland/Northern States Power Company (NSPW) Lakefront Site. These two 
options currently include: 

• Alternative SED-4B, rernoval by mechanical dredging, dewatering and off-site disposal 
(wet dredge), and 

• Alternative SED-6B, hybrid remedy of a) excavation in the dry behind sheet pile using 
shore-based excavation techniques and equipment, and b) mechanical dredging for 
contaminated sediment fiirther from the shore. 

The sediment at the Site is underlain by the Miller Creek clay formation, which acts as an 
aquitard. There are known artesian conditions beneath the aquitard in the Copper Falls aquifer. 
Therefore, under certain removalconditions, uplift pressures from the artesian conditions at the 
base of the aquitard will exceed the overburden pressures. If the uplift forces that are not 
counter-balanced by overburden forces, then failure can result (basal heave failure), with risk to 
construction, project safety, aiid containment of contaminated sediments. 

Foth has conducted an independent, preliminary geotechnical analysis and has generated a series 
of figures that reinforce and extend the calculations provided by AECOM. 

Estimated Stresses for Initial Conditions and the Two Removal Options 

Tor the simplest, evaluation .of basal heave, total dpvv'nward vertical stresses on the base of the 
aquitard are compared to the upHft pressure. For. the cases considered here, the uplift pressure is 

Subject: The information contained in this memorandum is considered privileged and confidential 
and is intended only for the iise of recipients and Foth. 
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.the pore pressure provided by the artesian head. The assumed geologic profile, total stresses and 
pore water pressures are shown in Figure 1. 

The effective stress is the total vertical stress (from overburden) minus the pore pressure.;/ 
Therefore, when the effective stress is negative, pore pressiires are greater than overburden and.' 
there is the potential.for uplift or a,basal.heave failure. The magnitude of negative effective 
stresses is largest for a dry/hybrid removal case at the top of the aquitard (elev. 590.ft.), at -750 
psf (pounds per square foot), but are negative throughout the entire aquitard thickness.. 
Immediately after removal, the clay caimot drain freely and pore pressures from the initial state 
would remain. This typeof pore pressure-effective; stress consideration is called the "undrained .. 
state", and it is often found to be a critical state in a more complete analysis of geotechnical 
stability.' 

The situation of negative effective stresses over the whole aquitard causes concern with regard to 
basal failure. In contrast, the wet dredge removal scenario (SED-4B) yields a positive effective ^ 
stress throughout the aquitard..' 

The severity of the unloadingcondition on the stability; of the top of the aquitard depends oti. 
several factors, including the; stiffn^sis ([shear: sti^en^), geornetric factors related to the . 
configuration of the.excavation,:1^nd.the hydraqlit.conductivity of the aq 

As mentioned above; the result of a negative/effective stress at the top of the aquitard:for the . 
hybrid removal; pJDtion: is not unexpected. .Thisresult would occur even withoiit artesian ')•:,. ,-
conditions, as iiS'Shown in Figure:i. .Here, the head at the base of theaq^iitafd is set.ait̂ the Jake . ^̂  
elevation, and the pore pressure atthe.base of the aquitard is 2184 psf, nearly lOGO psf lower 
than the artesian condition. The effective stress at the top of aquitard is the same (-750 psf), but̂  
effective stresses increase to positive values at depth.v/ithin.the aquitard. ..:'.. 

The factor of safety against basal heave failures was calculated for various values of aquitard 
thickness and unit weights (sediment and aquitard density) and plotted by AECOM. ..With the 
factor of safety defined as the ratio of the overburden stress to the porewater pressure at the base 
of the aquitard, Foth has reproduced, the calculations and plotted curves for the sam.e conditions. 
The result is shown in Figure 3. The overall agreement between the Foth calculations and the 
AECOM plot is good. 

Discussion on Need for More Advanced Geotechnical Analysis for Wet and Dry Sediment 
Reinoyal 

.Additional sediment and subgrade geotechnical characteristic data across .the site could ocdlirthis 
. summer, but should also incliide a basic framework of: 

•. Engage the agencies in the planiiing and evaluation.6f the key gebtebhnical issues? ' 
. • If new data are needed, include needs:in a future work plan. 

' Drained unloading, which would occur at the top of the aquitard afiter enough time is provided to relieve p.pre 
pressures, generally produces higher effective stresses. 

Subject:The information i:ohtained in this memorandum is considered privileged and confidential 
and is intended only for the use of recipients and Foth. 
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..:.V. • Conduct preliminary istructural. sheet pile design of: removalalternatives prior to new 
data collection, and 

: • Present findings to agencies prior to ROD release 

These new data can be collected using standard drilling techniques. 

Any work plan for collecting these data should incorporate the need to confirm the issues related 
to basal heave risks (aquitard thickness, consistency and stability) as well as sediment and 
subgrade geotechnical characteristics associated with wet removal of sediment. 

The AECOM plot shows a suitable range for factors of safety for basal heave to be 1.2 to 1.4, 
and that the aquitard thickness should be greater than ~35 feet for the safe conditions. The . 
preliminary analysis and simple definition for basal stability is useful for identifying a potential, 
problem. However, a more complete geotechnical analysis is needed to quantify factors such as .. 
shear strength' of the aquitard and geometric factors related to the configuration of the 
excavation. 

In addition to the basal failures from uplift, the piresenceof sand seams, cracks,̂  or. other 
conductive hydraulic features in the aquitard may cause seepage problems for .Various removal 
options. As with basal heave failures, the most difficulty is expected for the dry removal option, 
for which pressure gradients between the top and bottom of the aquitard are likely to be the 
highest;:.;.-: :.. .... V':>: 

Specific geotechnical data needs obtained from existing data, which may be used in the 
pi'eliminary design should consist of the following: 

allavailable data on aquitard thickness and artesian he;ad over site area, 
elevations of existing sediment, post-dredge sediment, top of aquitard, 
shear strength testing data on aquitard material, . ., 
blow counts from available logs in.area, 
review of any existing shear strength data on sands and aquitard clay materials, and 
careful review of boring logs over area for any presence of sand,.cracks or other 
conductive features in the clay aquitard. 

New data collection from borings could include: 

• elevations of top of sediment and top and bottom of aquitard material, 
• blow count and moisture content data with depth, 
• 'Shear strength data with depth of different strata encountered by the borings, and 
:• gradation, permeability and consolidated undrained.shear strength data with depth. 

Subject: The infonnation contained in this memorandum is considered privileged and confidential 
and is intended only for the use of recipients and Foth. 
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Summary 

A preliminary analysis of the potential for a basal heave failure has indicated that the dry 
removal option may result in a stress condition that is unstable. In particular, due to artesian 
conditions, the pore pressures may exceed the overburden pressures at the base of the aquitard. 
Since a basal failure during excavation carries significant safety and project risks, it may be 
prudent to remove from consideration this alternative from actively promoted remediation 
alternatives going forward. 

In addition, other factors that affect basal stability, such as the shear strength of the aquitard 
clays and geometric factors associated with potential failure conditions may be considered in a 
more advanced analysis, if required. Further analyses should include review of historical and' 
site geotechnical information (such as aquitard thickness, evidence of shear strength of the 
aquitard, and artesian heads) and possibly additional site borings. 

A 

Subject; The information contained in this memorandum is considered privileged and confidential 
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Notes: 

1. Assumes artesian conditions at base of aquitard. 
Head = 617.1 ft. 
pore water pressure = (62.4 pcf) (617.1 - 567 ft) = 3126 psf. 

2. Assumes initial pore pressures in aquitard are in equilibrium. 

3. Undrained cases assume that pore pressures in aquitard 
do not change. 

Scenarios: 

Initial Conditions 
A l : Land s u r f ^ at Elev 605' 
A2: In bay, seaiment surface at 595' 

Post-removal conditions (undrained) 
82: in bay, after dry excavation to 590' 
B3: After dredging to 590' (wet removal) 
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Notes: 

1. Assumes artesian conditions removed at base of aquitard. 
Head = 602 ft. . 
pore water pressure = (62.4 pet) (602 - 567 ft) .= 2184 psf. 

2. Assumes initial pore pressures in aquitard are in equilibrium. 

3. Undrained cases assume that pore pressures in aquitard 
do not change. 

Scenarios: 

Initial Conditions 
A1: Land surface at Elev 605' 
A2: In bay, sediment surface at 595' 

Post-removal Conditions 
B2: in bay, after dry excavation to 590' .: 
B3; After dredging to 590' (wet removal) 
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Notes: 

1. Factor of safety is for simple basal heave, the ratio of total 
vertical overburden pressure to artesian pressure at base 
of the aquitard. 

Example calculation (dry excavation case): 

Aquitard thickness = 37 ft., unit weight = 130 pcf 
Elevation at base of aquitard = 553 ft. 

overtjurden pressure = (37 ft.) (130 pirf) = 4810 psf 
artesian pressure = (617 - 553 ft) (62.4 pcf) = 3994 psf 

FS = 4810 psf / 3994 psf = 1.20 

2. Analysis does not consider resistance to basal heave due 
to shear strength of aquitard clay, and it ignores geometic 
effects of potential failure surfaces. Analysis shouW be 
considered as preliminary. 

3. Other failure mechanisms not considered here, such as from 
piping. 

4. Figure is an independent analysis and check of analysis 
provided by AECOM, received by Foth on 5/21/09. The 
agreement is excellent. 
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Figure 5.9 Analysis of push-in by the net pressure method: (a); distribution of net earth pressure and 
(b) force equilibrium of the retaining wall as a free body.' ' ' 
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The method is the .dimension factor.method, as discussed in Section 5.2. According to Burland 
and Potts' study (1981), the factor of .safety obtained following the dirriension factor method 

: does hot conform tothe definition of the factor of safety and may .lead to unreasonable results. 
:,:..;:Soin.e::prefer.to reduce the passive earth pressure by.a factor of safety. For example, 
•/̂ jdesî ?=?=- A:^/i^^ •Theri,:cpiripute the penetration depth by way of the horizontal forbe 
equilibrium and the rtiomeii.t .equilibrium. This is ariother way of following the strength 
factor method (as discussed in Section 5.2). Though the rnethod is logical, when applied to 
practical design, appropriate factors of safety should be carefully determined. 
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5.5.2 Bosd/ heav^ 

The analyses of the basal heave failure are only applicable to clayey soils and the reasons 
will be given at the end of this section. 

Since di =.0 for clay, the failure f;i,irfacfl<ir>f hearing capacity failure^ in rlav (c.^ the, slope 
stability problems, thê  ultimate bearing capacity problems of foundations, etc.) are circular . 
arc, surfaces.. The basal heave failure due. to excavation.i^ also a; kind of bearing capacity ; 
failure and might also have a main circular arc. failure surface. The analysis method for.: 
basal heave varies with the assumed shapes of failur^ surfaces near the ground or excavation :.. 
surface, though the main failure surface is stiHia circular arc. As discussed in Section 5.3,.'. 
the analysis method for basal heave assumes:many possible failure surfaces and finds their.; 
corresponding factors of safety according to mechanics. The one with the smallest factor of . 
safety is the most likely potential failure surface. Many analysis methods have been proposed 
for basal heave, the most commonly applied,of which are.Terzaghi's method, Bjerrum and 
Hide's method, and the slip circle method: This section will ratpt>/>n^^ jhpsp mfithftds '"iP * '̂' ; 
bearing capacity method, the negative bearing capacity method, and the slip circle method 
according to their characteristics. 
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5,5.2.1::.. Bearing capacity method^ 

ind 

• As shown in Figure 5.10, the soil weight above the level of the excavation surface (plane abc) 
can be seen as the load to cause excavation failure. Supposing a trial failure surface caused 
by the soil weight within the width:of 5i acts on plane abc as is shown in Figure 5.10a, 
we can find the ultimate load for.the width of B\ following Terzaghi's bearing capacity 
method with the shear strength along side bd considered. The ratio of the ultimate load to the 
weight of soil within the width ofB\ is.the factor of safety for the trial failure surface. Then 
increase the value of .5| (which denotes increasing of the size of trial failure surfaces) and 
find the corresponding factor ofsafety accordingly until the trial failure surface covers the 
whole excavation (i.e. B] = Bjypl), asshowninFigures5.10band5.10c. Since the weight of 
5i -wide soil on each side of the excavation zone may produce failures, the schematic diagram 
to calculate the factorof safety will be as illustrated in Figure 5.10.d. Following the principle 
•of virtual work, the factor of safety induced from Figure 5.10c and that frorn Figure S.lOd 
:would be identical. The factor of^safety against basal heave {F\f) for the excavation is. the \ 
smallest one among the safety.Tactors corresponding to the trial failure surfaces. 

Figure 5.11 is the profile of a hypothetical excavation case, where the undrained shear 
strength (*„) is constant. Following the bearing capacity method, we caTi:pbtain the r^lation-
ship between trial failure surfaces (represented hy X/Hg) and their corresponding factors of 
safety, as shown in Figure 5.12. From the figure we can see that the factor of safety' falls with 
the rising ofX (i.e. the expansion of the trial failure surfaces). When Jf rises to two times the 
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Figure 5.10 Analysis of basal heave by bearing capacity method: (a), a 61 ..wide trial failure surface, 
(b) a second B| wide trial failure surface, (c) a third 61 wide trial failure surface, and 
(d) both sides of the excavation produce failure surfaces. 
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Figure 5.14 Analysis of basal heave using Terzaghi's method: (a) D > R/y/l and (b) D < Bf-y/l. 
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Terzaghi (1943) did not adopt the above method, where the smallest factor ofsafety is taken -
to be the factor of safety against basal heave. Instead, he directly assumed the trial failure 
surface; where 51 = B/y/2{i.s. X — B / J T J is the critical failure surface and its corresponding 
factor ofsafety is the factor of safety against basal heave, as shown in Figiire 5.14. According 
to Terzaghi's bearing capacity theory, the bearing capacity of saturated .clay under plane" ab : 
can be denoted as Pmsa. — 5.7.yu- When the soil weight above plane, ab is greater than the 
soil bearing capacity, the pxcavation will fail. Besides, the failure surface will be restrained 
by stiff soils. Let D represent the distance between the excavation surface and the stiff soil. 
We can discuss Terzaghi's method in two parts: D > Bf-Jl and D <.Bjyfi: . 

When D > Bj-Jl 
' As shown in Figure 5.14a, the formation of a failure surface is not restrained by the stiff 

soil. Suppose the unit weight of the soil is y. The soil weight (containing the surcharge q̂ ,) 
ranges B\ on plane ab will then be: 

W = iyH, + qsXBi x I) = (yH, + ^s) 
V2 

(5.7) 
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The ultimate load, Qu. of the saturated clay below plane ab will be; 

B 
Qu = 5.75u2(5i X 1) - (5.75u2) 

V2 
(5.8) 

When a basal heave failure occurs, vertical plane.be can offershear resistance (.Vui/Ze) and 
the factorof .safety against basal heave (Fb) will be: . 

F b ^ 
Qu S.LSulBlyfl 1 5.75u2 

W - S u \ H ^ (K//e + 9 s ) 5 / V 2 - 5 u i / f e ^ e y + (^s/^e) - (5ul/p.7S) ^ 

. ; • • . • " ( 5 . 9 ) . 

\yhere Su\ and 5u2 represent respectively the undrained shear strengths of the soils above and . 
below the e;xcavation surface; ^s denotes surcharge pri the ground surface. 
W h e n D < f i / ^ / 2 

Under such a condition, the. failure surface will be restrained by the stiff soil, as shown in 
Figure 5.14b, and its factor of safety (Fb) will be:. 

f h ^ 
Qu .SJsuiD 

W - 5u 1 / /e- (y//c M- q^)D ~S^\H^ 

1 5.75u2 

}' + (<7s///e)-.(Sul/£)) 
(5.10) 

:'..- For most excavation cases, Terzaghi's factor ofsafety (Fb) should be greater than or equal 
to 1,5 (Mana and Clough, 1981;;JSA, 1988). • • C ) . • 
;=.::: Assuming that the penetration depth of the retaining wall is deep enough, the failure surface! 
may be formed as illustrated in .Figure :5.15a, which is one of the possible failure modes.v' 

. According to the analysis on the basis of the principle of virtual work, the factor of safety, for,, 
a failure surface as illustrated in Figure 5.15a is, close tothaf of Eqs 5.9 and.5.10. The only 
difference is that the failure surface in Figure 5.15a ranges wider (with the extra failure surface 
be) and the average soil strength on the failure surface is higher than.that in Figure 5.l5b 
(assuming the undrained. shear strength of clay increases, with the increase of depth). 

As shown in Figure 5yi 5b, assuming the penetration depth'of the retaining wall is notdeep 
enough, .the calculatiph of the factor of safety will still fpllbw Eqs 5:9/5.10. That is to say,' 
the valiie of the factor ofsafety against basal heave has nothing to do with the existence of i 
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the retaining wall according to the equations. However, theoretically speaking, the retaining 
wall with high stiffness may be capable of restraining basal heave failures. Thus, the actual 
factor ofsafety should be greater than the result from Eq. 5.9 or 5.10 though there does not 
exist a suitable way to estimate it. 

The bearing capacity method or Terzaghi's method is suitable for shallow excavations, 
where the excavation width (B) is larger than the excavation depth {He). For deep excavations, 
B < He, the bearing capacity method or Terzaghi's method may not yield reasonable results 
because the method assumes that the failure surface extends up to the ground surface and 
that the shear strength of clay is fully mobilized all the way to the ground surface, neither of 
which is necessarily true for deep excavations. 

S.5.2.2 NegotiVe bearine cat/acity method 

The negative bearing capacity method assumes that the unloading behavior caused by exca
vation is analogous to the building foundation being subject to an upward loading and that 
the shape of the failure surface is similar to the failure mode of the deep foundation. Then, 
using the bearing capacity equation for the deep foundation, we can obtain the ultimate 
unloading pressure. The factor ofsafety is the ratio of the ultimate unloading pressure to the 
unloading pressure. As shown in Figure 5.16, assuming various failure surfaces to analyze 
(representing different 51-values) and finding their separate corresponding factors ofsafety, 
the smallest factor ofsafety among them is the factor ofsafety against basal heave for the 
excavation. 
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Figure 5.16 Analysis of basal heave failure by negative bearing capacity niethod: (a) a VlB] wide failure 
surface, (b) another V^Bj wide failure surface, and (c) Failure surface covers the whole 
excavation bottom. 



140 Stability analysis • • . : ? ^ 

Figures 5.12 and 5.13 also illustrate the changing tendencies of the factor ofsafety against 
basal heave with the size of the trial failure surfaces for s^ = constant or Ju/f̂ v = constant 
respectively, following the negative bearing capacity method (as for the excavation profile, 
please see Figure 5.11), where the bearing capacity factor, Nc, can be determined according 
to Skempton (1951), as shown in Figure 5.17. N^ can also be calculated by the following 
equation: 

^c(rectangular) = -^cCsquare) I 0.84 + 0.16— 1 (5.11) 

AsshowninFigures5.12and5.13, we can see that for soils where jy = constant, the factors 
ofsafety against basal heave derived from the negative bearing capacity method will decrease 
with the increase of the size of the trial failure surfaces (which means Jf̂  increases). For soils 
where Sa/Oy = constant, the factors ofsafety against basal heave derived from the negative 
bearing capacity method will increase with the increase of the size of the trial failure surfaces. 

Like Terzaghi's method, Bjerrum and Eide (1956) did not yield the factor ofsafety against 
basal heave by finding the smallest, as just mentioned. Instead, they assumed the failure 
surface where the radius of the circular arc is equal to B/V2 is the critical failure surface 
and the corresponding factor ofsafety is the one against basal heave (see Figure 5.16c}. The 
factor of safety can be expressed as follows: 

JVC • Su 

(5.12) n 
y -He + gs 

where q̂  is the surcharge on the ground surface and A'c is Skempton's bearing capacity factor 
as shown in Figure 5.17. 

Since Âc has taken into account the effects of the embedment depth of foundations and 
excavation size, Eq. 5.12 is equally valid for shallow and deep excavations, as well as 
rectangular excavations. 

According to Reddv and Srinivasan's study (1967). NAVFAC DM 7.2 (1982) mp_difiaJL 
Bjerrum and Eide^sjnethod to apply the rnethod to ±eexcayatio^^ 
belgw'tibieexcayat^^ shown in Figure 5.18, the 
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Extended Bjerrum and Hide's method can be expressed as follows: 

•fulAc,sJ^/^ 

where 

y//e 
(5.13) 

Y — unit weight of the soil 
//e = excavation depth 
Jul = undrained shear strength of the upper clay 
5u2 = undrained shear strength of the lower clay 
j'Vc.s = bearing capacity factor that does not consider the excavation depth. This can be 

determined according to Figure 5.18a or 5.18b with the values o lDjB (the ratio of the 
distance from the excavation surface to the lower soils to the excavation width) and s^^l^u i 
given 

fi = depth correction factor, which can be found in Figure 5.18c 
f̂  = shape correction factor, which can be estimated by the following equation; 

/ s = 1 + 0 . 2 ^ (5.14) 

where B refers to the excavation width and L the excavation length. 
Like Terzaghi's method, when there exists stiff soil below the excavation surface, the 

failure surfaces assumed by Bjerrum and Hide's method and by the Extended Bjerrum and 
Hide's method would also be restrained by the stiff soil. The stiff soil may be stiff clays, 
sandy soils or gravel soils. To conduct the stability analysis of the basal heave failure, we 
can use Eq. 5.13, where A'c,s can be found in Figures 5.18a or 5.18b. The latter is a simplified 
version of the former, assuming that the failure circle will be tangent to the lower soils when 
Su2lsu\ is very large. 
. If the penetration depth of the retaining wall is deep enough, Bjerrum and Hide's method 

computes the factor ofsafety in a way similar to Terzaghi's method. That is to say, the failure 
surface will be formed in a deeper level, similar to what is illustrated in Figure 5.15a. Under 
such conditions, Eq. 5,12 is still workable to estimate the factor ofsafety with the slight 
differences of average soil strengths on failure surfaces.-When the //p is not large enough, 
the calculation of the factor ofsafety will still follow Hqs 5.12/5.13, That is to say, the value 
of the factor ofsafety against basal heave has nothing to do with the existence of the retaining 
wall according to the equations. 

The negative bearing capacity method or Bjerrum and Hide's method take into account 
the effects of excavation shape, width, and depth. Therefore, the methods are applicable to 
various shapes of excavations, shallow excavations as well as deep excavations. 

For most excavations, the factor ofsafety obtained according to Bjerrum and Hide's method^ 

( fg5oure;^^g^^j22^™ir ' ' ' ' ' ' ' ^^ 
5.5.2.2 Slip circle method 

Let the trial failure surfaces of the basal heave failure be assumed to be basically circular arcs, 
and separately compute the ratios of the resistant moments to the driving moments for the 
trial circular arc failure surfaces. The smallest factor ofsafety among them is then the factor 
ofsafety against basal heave for the excavation. The method is designated as the slip circle 
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136 GROUNDWATER AND SEEPAGE (Sec. 5-9 

Once .again it is advisable, to useV.an indirect approach (assuming f and 
finding the corresponding 2) for the. determination of the pressure dis
tribution along the contour of the structure (see Example 5-2). 

For the exit gradient (point 3), using Eq, (2), Sec. 6-1, we readily 

obtain 
km' ^j4^ 

I E = 
2 b ( K ' : - E ' + f E ^ 

where the iripdulus is as is given in Fig. 5-33. 

6-9. Double-wall Sheetpile Cofferdam 

Figure 5-34 represents a section through a double-wall cofferdam con
sisting of two rows of sheetpiles. . After the sheetpiles are driven, th^ 

-̂ ^© n -n 

'W^Wr m^t* '> • 
îiS.-:..,,...:. 

o f 

^^fcteliws 

^# 

ii>y 

(D 
1 2 3 EU 

-1 -a- -m ; 0 . +m +<r . +1 

U ) : 

.Fia. 5-34 

soil between them is" excavated, to a depth d below the :gr6ynd surf ape. 
We seek la .this problem to determine, the discharge quantity^, and the 
factor of safety with re^p^ct to piping; . 

Noting in Fig: 5-34 that the z plane and t plane are precisely the same 
as in See; 5-8, ;we have immediately for the required transformation 
between them [Eq. (12), Sec. 5-8], 

^ 2 6 (E' - K ^ ± ^ U J J ^ ± : ^ ^ ^ M 4 1 ) ^ -

•'where sn w = t/Tti, and the modulus m; can: be obtained diriectly from 
Fig;.5-33." 

0 / y y i / J - ^ / A ^ ^ i 

0 

9 

m̂^ 

Sei 5-9] 

I t is conveuieht ir 
5-345. Hence, for tl 

•w 

w;here, as above, sn -
.-Considering the c 
hence sn-u = .1, " = 

At points 3, ^ = . 1 an 

and 

A plot'of Eq. (4);a£ 
Fig;:5-35. :^:.;. 
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Recalling that g = 
the direction of flow, 
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For the deterinihatio: 
the excavation (at.pc 
obtain the relation: >. 

/if = h 

m̂ 
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3 are precisely; the same 
equired transformation 

^2f)^(«)j (1) 

obt-^ined-difectly" from" 

m 
approach (assuming t and 
ation pf the pressure dis-
Je Example 5-2). 
(2),.Sec. 5-1, we readily 

^ (14) 

V 

II:*: 
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• i5^.' 
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Sec. 5-9] CONFINED F l o w 1.37 

I t is convenient in this problem to take the w plane as shown in Fig. 
5-346.:.. Hence,, for the mapping of.the w plaiie onto the < plane, \i:e have 

WW =• ̂  r '̂ - ^ =^^« - ^ (2) 

where, as above, sn u = t/m. 
Considering the correspondence at points 1, t = m and w = —iq; 

hence sn'U.= 1,M = 7C and 
±q_ .... • 
2K 

':Mm (3) 

At points 3, / = 1 and w = —kli — iq; hence sn u = 1/m, M = iiT -]- iK', 

and 

A plot of Eq. (4) as a function of the modulus (Fig: 5-33) is given in 

;Fig. 5-35.. 
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Recalling that q = Id A, where. ̂ 4. is the area of the section, norinal to 
the direction'of flow, we find, for the average exit gradient along the 
bottom of the, excavation, 

/ . v = 
•m^= 

(5) 

P ^ 
For the determination of the maximum exit gradient along the base of 
the_excavatiQn (at points 1 .and_i, ^ = + ' " ) , from Eq. (2), Sec. 5-1, wc 
obtain the relation - -'_ 

S 

f̂  = h = u 26KqK'::H^ ̂  {dfh)K]{my-^- <x̂ ) m 
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where (r̂  is defined by Eq. (8), Sec. 5-8. A plot of Eq. (6) in terms of 
Igs/h is given in Fig. 5-36. 

' ' Jv - ' 

Wii 
' '%s 

,r/;:; 

gllli; 

- . • • • - • ; X 7 

î KiiljS}:-": 

W- • 

0.(2 

0.6 
Modulus m 

FIG. 5-36 

Eiainple..6-3. In Fig. 5-34, A = 10 ft, d = 4 ft, 26 = 40 ft, and s = 10 ft. Deter-
miae (a) the reduced quantity of flow (q/k), (b) the average exit gradient, and (c) the 
maximum exit gradient. 

From Fig. 5-3.3, with s/b = 0.5 and d/b = 0.3, we obtain the modulus m = 0.35. 
Then, from Fig. 5-35, we find g/kh = 1.3 and hence g/.k = 13 ft. 

-&sm^SqTH;-S^-iv'^--obtaiTrtfee-average-gradi'ear:f;7"S-rej^-siJ:32: : 
Next, entering Fig. 5-36 with m = 0.35 and d/b = 0.2, we find I^s/h = 0.39, whence 

Ig = 0.39. Thus the factor of safety with respect to piping will be 1/0:39 » 2.6. 

PROBLEMS 

1. Show that the transformation Eq. (3), Sec. 5-2, is valid for the points A and O 
of Fig. 5-2a. 

2. Obtain the 
3. Obtain the \ 

surface (of infinii 
4. Demonstrat 

from Eq. (16), & 
5. Verify that 

given by Eq. (1), 
6. Show that % 

sheetpile. 
7. Derive the • 

discuss the natur 
> ,̂ and (c) greati 

8. Noting that 
points A and D s 
into i =« cos (TW/ 

9. A 20 ft \vid 
The head loss is : 
piping along the 
of the structure. 

10. Verify Eqs 
11. Verify Eqa 

12. For the se 
obtain the gener • 
quantity of seep; 
and (c) the press 
piling. 

13. Solve Frob 
Prob. 3. 

14. For the se 
estimate the fact< 

_(o)̂  uplift force, ( 
moment due to 
(T„ - t24.8 pcf) 
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K.K' = j r /2, yields 
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ion of the modulus 
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•7[Eq. (4)Jforthe 
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164 Stability analysis 

4, 

called sand boiling. Thus, 

, , hz 
a = 0 = zy - —yw 

h 

.Xw 

(5.21) 

(5-22) 

The hydraulic gradient when the effective stress equals 0 is called the critical hydraulic 
gradient, I'cr, which can be expressed as follows 

la = 
(.h/Hj)! Y_ (5.23) 

Besides, according to the phase relationship of soil, the submerged unit weight is 

where Gs is the specific gravity and e is the void ratio. The criticaLhY.(;ir.aulic.gr^diept; j[?„then. 

Gs - I . 
'cr = T ^ (5.25) 

Since the Gj-value of sand is about 2.65 and its e-value is between 0.57 and 0.95, the 
critical hydraulic gradient for most sands is close to 1.0 according to the above equation. 

Figure 5.33 shows watertight sheet piles. When the exit gradient (point A in the fisrure) is 
closeto thgjcrjtical hydraulic gradient, sand boiling occurs. Hanza (1935) defines the factor, 
of safety against sand boiling as follows 

^ 
F . = 

'max(exit) 
^ c ^ < e . (5.26) 

where imax(exit) is the maximum hydraulic gradient at the exit of seepage, which can be 
obtained with the flow net method. 

Teizaghi (1922) found, according to many model tests with single rows of sheet piles, 
that the phenomenon of piping occurs within a distance of about Hp/2 from the sheet piles 
(Hp refers to the penetration depth of the sheet piles). Thus, to analyze the stability of single 
rows of sheet piles,'we can take the soil column Hp x Hp/2 in front of the sheet pile as an 
analytic object, as shown in Figure 5.33. The uplift force on the soil column would be 

U — (the volume of the soil column) x (/av/w) = 5/^p'avgyw (5.27) 

where z'avg is the average hydrauHc gradient of the soil column. The downward force of the 
-soil-column (i.e.-the-submerged'weight) is '• 

W = l//p2(y,at - yw) = ^^/pV (5.28) 

• V ' • ; ; : : 
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Figure 5.33: Seepage in soil below sheet piles. 

Therefore, the factor of safety is 

r s - - j T r : - •. . . • 
*-'. . : 'avgyw 

.(5.29)-

.;,. According to Eq;:5:29, provided the compiited factor of safety is top small, we dan consider; 
placing filters at the;pxits of seepage. Assuming: the; weight of ..the filters is Q, the factor of: 
safety willbe:-' 

Fs = 
W' + Q 

U . 
(5.30) 

In general, the required Fs for the above equation should be greater than or equal to 1.5 
(JSA, 1988^ TGS, 2001). .: 

As this equation shows, if sand boiling or piping occurs, in addition to evactiatirig the 
workers and equipment as soon as possible, the possible' remedial measures include dewa
tering to reduce.the water pressure and durfiping permeable soils oiito the excavation surface 
to increase the value of the numerator in the equation. 

Marsland.(1953) condiicted a series of model tests to explore the phenomenon of.piping 
in excavations iii sand and obtained the results, ::which were liter adopted by NAVFAC 
DM7.1 (1982), as shown in Pigure 5.34: Figures 5.34a and 5.34b. show the results with the 
impermeable, layerslpcated infinitely deeply and with the impermeable layer within a finite: 

"depth, respecfivelyn^AVTATJDM 7.1 suggested that the reasonableTactor of safety against 
piping in an excavation be around 1.5-2.0. We can see from the. figure that as long as the 
allowable factorof safety (Fs), the excavation depth (He), and the distance of the excavation 
surface to the impermeable layer (D). are known, we can obtain the required penetration depth 
of the retaining wall (//p) against piping. ' :, 
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MEMORANDUM 

•a i r . PAUL, MN D MiNNBAPOUS. MN a ST. CLOUD, MN • CHIPPEWA FALLS, Wl O MADISON. Wl O GRIFFITH. IN 

TO: JohriGuhl 

FROM: Glenn Bruxvoort<^??^ 

DATE: May 8,1996 

RE: _ Ashland Lakeftont Property Soils Results 

Enclosed are the results of the soils lab testing performed oh samples from your Ashland;Lakefront 
. Property Project (Project No. W1DNR9401.01), The samples were analyzed in general accordance with 
ASTM D422, D854,D4318, D4959, P5084, D2974, and D1558 standards. 

Unless you request differently, the samples will be discarded in 30 days in accordance with our standard, 
policy. If you require additional infommtion or have further questioiu! please call m 

CAU/cau/JJT 
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